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Shrimp communities of the coastal habitat of the Sonmiani Lagoon were shown to be dominated by family Penaeidae. 
Seasonal variation in the relative abundance and species diversity of penaeid shrimps was derived from sampling of 
2554 individuals representing twelve species of three genera. The results showed that species of the genus Penaeus 
dominated over those of the other two genera of penaeid shrimps i.e. Metapenaeus and Parapenaeopsis. The most abundant 
species of penaeid shrimps were Penaeus indicus (67.50 %), Metapenaeus affinis (13.31 %), Penaeus merguiensis  
(12.02 %), Metapenaeus brevicornis (4.26 %) and Metapenaeus stebbingi (1.60 %), respectively. Relative abundance varied 
seasonally within the species and between the seasons. Highest species richness in the lagoon was observed in the period of 
SW monsoon and the lowest in pre-monsoon season, whereas Diversity (H') was found to be highest in post-monsoon, and 
appeared to be influenced by the equitability (J) of distribution of individuals among the species. Temperature, salinity and 
pH influenced both the abundance and the diversity of shrimp fauna in the lagoon.  
[Keywords: Diversity, Equitability, Seasonal abundance, Species richness] 
Introduction 
Decapods serves as an important fish resource and 
also act as a trophic link between benthic 
microorganisms and fishes in the food chain/web of 
coastal waters1,2. The shrimp family, Penaeidae covers 
almost 70 % of the world’s prawn (shrimps) catch3 
and due to their nutritional value they support a very 
valuable trade and export market. Penaeid shrimps are 
fast-growing and short-lived; their life cycle can be 
completed in about one year. The genus Penaeus 
commonly occurs in tropical and subtropical waters, 
between 40º N to 40º S and is the most commercial 
important species in the fauna of estuaries and coastal 
waters. Coastal penaeid shrimp hoard have been 
studied extensively over the past four decades as their 
importance in tropical fisheries has increased. The 
significant progress has been made in biological 
research since the FAO World Science Conference on 
biology and culture of penaeid shrimps in 1967(ref. 4). 
Pakistan is among the top ten major shrimp producing 
countries of the world5. Its shrimp industry is primarily 
an export industry and its stock is the backbone of 
important capture fisheries. These fisheries are a major 
foreign exchange earner for Pakistan, with high profit 
margins, and are the source of livelihood for thousands 
of local fishermen. Most of the aquaculture practices are 
based on species of penaeid shrimps especially members 
of the genus Penaeus, due to their hatchery production, 
rapid growth and large population sizes. Northern 
Arabian Sea waters off the coast of Pakistan are very 
rich in penaeid shrimp populations. However, the 
environmental as well as the geomorphologic 
characteristics have substantially increased the 
ecological pressure on the shrimp stocks, along with 
continued fishing pressure. This would be expected to 
have an adverse effect on the shrimp populations 
diversity, harvest size of target species and size at 
maturity due to fishing pressure. 
Sonmiani Bay Lagoon i.e. Miani Hor is one of the 
important fishing hub on the coast of Pakistan, where 
shrimp is the target fishery; and fishing is done at the 
depth of 10-50 m(ref. 6). Various types of nets were 
used mainly to catch fishes, shrimps and crabs from 
lagoon waters by a moderate-sized fishing fleets 
operating from the fishing jetty located in the town of 
Damb. Sonmiani Bay Lagoon exhibits depth bounded 
by mangrove vegetation such that the life cycle of the 
shrimp is sustained. Mangroves serve as nursery 
grounds and provide protection and food for the 
juveniles of shrimps, crabs and fishes7-9.  




Various workers have published data on the 
population structure, distribution, abundance, length-
frequencies, sex-ratio and gonadal maturity of 
economically important penaeid shrimps and biology of 
shrimps along the coast of Pakistan10,11. For the 
management and sustainability of the shrimp industry 
accurate assessments are of critical importance due to 
the substantial fishing pressure and high exploitation 
rates of shrimp stocks. The quantification of the 
relationships between animal size, density and biomass 
are of vital importance to both fisheries and ecological 
studies. Very few information is published on the 
distribution and population structure of fish and shellfish 
resources from Sonmiani Bay lagoon, Balochistan, 
Pakistan. Therefore the present research was formulated 
to elucidate the species diversity, abundance, population 
structure, and sex ratio of the commonly occurring 
penaeid shrimps in Sonmiani Bay.  
 
Materials and Methods 
The Pakistan has coastline of about 990 km long that 
compsises of the province of Sindh (320 km) and the 
province of Balochistan (670 km), and Exclusive 
Economic Zone (EEZ) of about 240,000 square km12. 
The coast of Balochistan, running along the North 
Arabian Sea, includes lagoons, bays, cliffs, alluvial 
plains, beaches, mudflats and marine terraces. The coast 
of Balochistan has 40 km wide continental shelf and the 
is exposed with intense wave action. The costal area of 
Sonmiani Bay or Miani Hor is located about 95 km from 
Karachi covering 7.471 ha area11. It is approximately 
located at latitude of 25°27'431'' N, and longitude of 
66°33'700'' E. Miani Hor is one of the swampy lagoon 
because the weather condition of lagoon is very arid, 
recorded rain per year is less than 200 mm. The main 
sources of fresh water for Miani Hor are the two 
seasonal run-off rivers i.e. Porali and Windor river13,14. 
For this study the samples of shrimp species were 
collected from the Sonmiani Bay in each month 
between July 2006 to June 2007. For this purpose, a 
gill net (5 cm mesh size), and a beach seine net (with 
0.5 cm mesh size) were used to collect all size class 
individuals that inhabit different niches of Miani Hor 
Lagoon, so that the number of species of shrimp found 
in the Sonmiani could be determined. The fishing nets 
were deployed with the help of local fishermen from a 
commercial fishing boat. At least three to four hauls of 
20-25 min of the gill nets and two operations of the 
beach seine net were made at each sampling event. 
Environmental parameters (temperature, salinity and 
pH) were also noted at each sampling event. The 
temperature was recorded using a centigrade 
thermometer with an accuracy of 0.1 ºC, salinity in 
parts per thousand (ppt) by using the portable 
refractometer (ATAGO S/Mill-E) and pH by a portable 
pH meter (Hanna, HI 8314). All the samples (fish, 
shrimps, crabs, etc.) collected in each haul were 
instantly weighed, placed in separate polythene bags 
and than iced for transfer to the laboratory for further 
analysis. During this study, approximately 2554 
individuals of penaeid shrimps were collected. 
In the laboratory, the shrimp samples were sorted and 
segregated according to sex and were identified to 
species level according to Tirmizi & Bashir15 and 
Bianchi16. The weight and lengths (total length, 
carapace length, rostrum length and the telson length) 
of the shrimps were then measured. Lengths were 
measured to the nearest 0.1 centimeter (cm) and 
weights were measured to the nearest 0.01 gramme (g). 
To observe the seasonal changes and variability, 
monthly data were grouped into seasons following 
Morrison et al.17. Thus November, December and 
January were defined as the NE monsoon; February, 
March and April as the pre-monsoon; May, June and 
July as the SW monsoon; and August, September and 
October as the post-monsoon period.  
For all species of shrimps that were abundant and 
common, sex ratios were estimated from the percent 
distribution of male and female shrimps and the result 
was tested by using Chi-square (χ2) test for the 
differences from the expected ratio of 1:1. The 
equation used for estimation was:  
 
(χ2) = ∑ (O – E) 2 / E … (1) 
 
Where, observed value was denoted by O, and expected 
value of that species is denoted by E, two-sample t-tests 
were employed to compare sample means. 
The following formula were used to calculate the 
Fulton condition factor (K): 
 
K = 100W/L3 … (2) 
 
Where, W represent thebody weight of individual 
penaeid shrimp in grams, and L is the total length of 
the shrimp in the centimeters18-20. 
Diversity indices were used to determine the 
shrimp diversity as stated below: 
1. Shannon – Weiner index (H) measures the order 
or disorder observed with a particular system. This 
order is characterized by the number of individuals 
observed for each species at the sample site. The 
Diversity index was derived by using the formula:  
H = - ∑ (ni/N)*(log2 ni/N) … (3) 




Where, ni = number of individuals in the i
th species, 
N = total number of individuals, log = commonly 
chosen logarithm with base of 2(ref. 21). 
2. Equitability or evenness (J), was calculated 
(range 0-1) according to the ratio: 
 
J = H / Hmax … (4) 
Where, H = observed species diversity, Hmax = 
maximum number of species and is equal to log2S, 
and S = number of species in each sample. 
3. Species richness (S) is the number of species 
present in the study area and it is the oldest concept of 
species diversity. Species richness22 was calculated 
according to the equation: 
 
S = (S-1) log2 N … (5) 
 
Where, S = number of species. 
4. The Simpson index (D) is a measurement that 
accounts for the percent of each species from a 
biodiversity sample within a local aquatic community; 
the index assumes that the proportion of individuals in 
an area indicates their importance to diversity. 
 
D = sum (Pi) 2 … (6) 
 
Where, Pi = the number of given species divided by 
the total number of shrimps observed. 
 
All Statistical analysis was performed by using the 
Minitab software (Version 13.1). Cluster analysis 
(Dendrogram) was made from the statistical 
interpretation of the environmental parameters of 
water and distribution of penaeid shrimp species. 
 
Results 
The different seasons showed changes in temperature, 
salinity and pH which seemed to correlate with the 
distribution of the shrimp population. A typical seasonal 
pattern of mean temperature was observed, with highest 
values during the summer (March to June) and lowest 
during the winter season (November to January). The 
salinity showed considerable monthly fluctuations (from 
34 to 37 ppt) throughout the study period. The highest 
salinity was observed in winter months (November to 
January) and the lowest was observed during the 
summer months (April to June). Average pH values 
remained very similar throughout the study  
period (Fig. 1). The fluctuations of seawater salinity and 
temperature were inversely related, so that when its 
temperature increased its salinity decreased. This was 
probably due to the input of fresh water from rainfall 
and from adjacent rivers. 
The abundance and biomass composition of 
penaeid shrimp species in the Sonmiani Bay lagoon 
during the present study are shown in Table 1. Twelve 
penaeid species of three genera were identified, of 
which Penaeus indicus, P. merguiensis, Metapenaeus 
affinis, M. brevicornis and M. stebbingi were the 
dominant species, together making up the bulk  
(98.7 %) of the total catch. Other species, which were 
present in very small numbers (fewer than  
10 specimens), were P. penicillatus, P. japonicus,  
Table 1 — Total abundance, percent abundance, mean total length, range of total length, mean wet weight, range of wet weight, total 
biomass, and percent biomass of shrimp species collected from the Sonmiani Bay Lagoon in the period July 2006 to June 2007 
Shrimp species Abundance Total length (cm) Mean wet weight (g) Biomass 
 N % Mean ± SD Range Mean ± SD Range g % 
Penaeus indicus 1724 67.50 9.5±3.7 2.3-16.5 6.3±5.5 0.03-25.4 10998.79 65.46 
Penaeus merguiensis 307 12.02 13.2±2.7 3.6-32.5 14.0±5.7 0.3-43.9 4323.17 25.73 
Penaeus monodon 1 0.03 14.0 - 19.2 - 19.25 0.11 
Penaeus japonicus 1 0.03 11.4 - 9.2 - 9.29 0.05 
Penaeus penicillatus 16 0.62 7.7±1.8 4.7-10.7 2.0±1.2 1.1-5.0 33.4 0.19 
Metapenaeusaffinis 340 13.31 6.7±2.9 3.1-19.6 3.0±4.8 0.1-63.0 1048.51 6.24 
Metapenaeus stebbingi 41 1.60 7.4±3.0 3.7-14.1 4.0±4.2 0.3-17.7 164.55 0.97 
Metapenaeus monoceros 1 0.03 19.6 - 15.0 - 15 0.08 
Metapenaeus brevicornis 109 4.26 4.3±0.9 3.1-12.3 0.7±1.3 0.1-14.0 82.31 0.48 
Parapenaeopsis stylifera 8 0.31 8.5±0.7 7.4-10.1 3.8±0.8 2.5-5.2 30.46 0.18 
Parapenaeopsis hardwickii 3 0.11 10.0±0.4 9.6-10.5 5.7±0.9 5.0-6.7 17.3 0.10 
Parapenaeopsis accilivirostris 3 0.11 13.9±4.3 8.9-16.9 19.6±14.2 3.2-29.2 58.94 0.35 
Total 2554      16800.97  
 
Fig. 1 — Monthly mean values of hydrographic parameters 
(temperature, salinity, pH) collected from the Sonmiani Bay lagoon 




P. monodon, M. monoceros, Parapenaeopsis stylifera, 
P. hardwickii and P. accilivirostris. The P. indicus 
was the most abundant species in the Sonmiani 
lagoon, which represented 67.50 % tothe total shrimps 
with respect to numbers and 65.46 % with respect to 
biomass. The second most abundant species is  
M. affinis, which represented 13.31 % with respect to 
numbers and 6.24 % with respect to biomass.  
P. merguiensis was the third most abundantly found 
species, representing 12.02 % with respect to numbers 
and 25.73 % with respect to biomass. M. brevicornis 
and M. stebbingi were the fourth and fifth most 
abundant species in the lagoon, representing 4.26 % 
and 1.60 % with respect to numbers and 0.48 % and 
0.97 % with respect to biomass, respectively (Table 1).  
Monthly measures revealed that the peak of 
abundance for P. indicus was observed in the month 
of July, whereas the peaks for M. affinis and  
P. merguiensis occurred in the months of February 
and May, respectively (Fig. 2a). In terms of seasonal 
distribution, P. indicus had the highest abundance 
during the SW monsoonseason, M. affinis in the SW 
and post-monsoon seasons, P. merguiensis in the SW 
monsoon season, M. brevicornis in the pre-monsoon 
season and M. stebbingi in the SW monsoon season 
(Fig. 2b). One way ANOVA showed that there is a 
significant difference between seasons for P. indicis 
(F3,4 = 15.71; P < 0.005), M. affinis (F3,4 = 4.55;  
P < 0.005), P. merguiensis (F3,4 = 7.82; P < 0.005) 
and M. stebbingi (F3,4 = 6.25; P < 0.005) while for  
M. brevicornis (F3,4 = 1.24; P > 0.005) there was no 
significant difference between seasons. 
The highest Shannon–Weiner index (H) was found 
in the post-monsoon season (1.59) and the lowest in 
the pre-monsoon season (0.66), while the equitability 
or evenness (J) was highest in the post-monsoon 
(0.71) and was lowest during pre-monsoon (0.36) 
seasons. Species richness (S) had its highest value in 
the SW monsoon season (9.12) and was lowest in pre-
monsoon season (4.45) and the Simpson index (D) 
was highest in the pre-monsoon season (0.76) and 
lowest in the post-monsoon season (0.41; Fig. 3). 
Monthly sex ratios were found consistently, to 
fluctuate in P. indicus, M. affinis, P. merguiensis,  
M. brevicornis and M. stebbingi. The female 
specimens were collected more abundantly than males 
during the present study. 1724 specimens of  
P. indicus comprising of 1279 females and 445 males 
were observed; in M. affinis total of 340 specimens 
was observed comprising of 234 females and  
106 males; 307 specimens of P. merguiensis were 
found comprising of 208 females and 99 males;  
109 specimens of M. brevicornis were found 
comprising 75 females and 34 males; and  
41 specimens of M. stebbingi were observed 
comprising 28 females and 13 males. The chi-square 
test showed a significant difference between sexes in 
all months in the P. indicus (χ2 = 148.816; P < 0.005) 
and M. brevicornis (χ2 = 19.913; P < 0.005) while 
showed a significant difference was not observed in 
P. merguiensis (χ2 = 9.993; P > 0.005), M. affinis  
(χ2 = 21.286; P > 0.005) and M. stebbingi (χ2 = 1.029; 
P > 0.005; Table 2). 
 
 
Fig. 2 — (a) Monthly and (b) Seasonal - distribution of the five 




Fig. 3 — Seasonal variation in the diversity indices (Diversity, 
Equitability, Species Richness and Simpson index) of penaeid 
shrimps from the Sonmiani Bay lagoon (Mean ± S.E) 




In the five most abundantly found penaeid shrimp 
species thesmallestFulton condition factor was found 
in P. merguiensis (0.59) and the largest in M. affinis 
(1.01). The mean condition factor for all penaeid 
shrimps was 0.84 (Table 2). 
In the five penaeid shrimps species, size variations in 
the different body parts viz. total length (TL), carapace 
length (CL), rostrum length (RL), telson length (Ts.L) 
(Table 3) and body wet weight (Wt) were observed 
between the sexes. Males were heavier than females in 
P. indicus (8.1±4.9 g and 5.7±5.6 g, respectively) and M. 
affinis (3.7±6.9 g and 2.7±3.5 g, respectively) while 
females were heavier than males in P. merguiensis 
(14.3±5.6 g and 13.4±5.8 g, respectively) and in M. 
stebbingi (4.3±3.6 g and 3.3±5.4 g, respectively), 
whereas in M. brevicornis there was no significant 
difference in the mean weight between the sexes 
(females = 0.7±1.5 g; males = 0.7± 0.2 g; Table 3).  
The t-test showed that total length was significantly 
different between sexes in P. indicus (T = -10.39; P < 
0.001) and there was no significant difference in M. 
affinis, P. merguiensis, M. brevicornis and M. stebbingi 
(T = -1.27, P > 0.005; T = 0.32, P > 0.005; T = -0.71,  
P > 0.005; T = 1.43, P > 0.005, respectively).  
The dendrograms resulting from cluster analysis of 
penaeid shrimp species with environmental parameters 
(temperature, salinity and pH) for Sonmiani Bay 
lagoon show similarities to each other (Fig. 4).  
Table 2 — Chi-square test for sex ratio and Fulton condition factor of penaeid shrimp species (Penaeus indicus, P. merguiensis, 
Metapenaeus affinis, M. brevicornis and M. stebbingi) collected from the Sonmiani Bay lagoon in the period July 2006 to June 2007 
S. No. Species DF Chi square P-value Fulton condition factor (K) 
1 Penaeus indicus 11 148.816* < 0.005 0.72 
2 Penaeus merguiensis 6 9.993 > 0.005 0.59 
3 Metapenaeus affinis 10 21.286 > 0.005 1.01 
4 Metapenaeus brevicornis 5 19.913* < 0.005 0.92 
5 Metapenaeus stebbingi 4 1.029 > 0.005 0.96 
Note: * indicates significance at P < 0.005 
 
 
Table 3 — Summary statistics of the morphometric parameters weight (Wt), total length (TL), carapace length (CL), rostral length (RL) 
and telson length (Ts.L) in females and males of Penaeus indicus, P. merguiensis, Metapenaeus affinis, M. brevicornis and M. stebbingi 
collected from Sonmiani Bay Lagoon in the period July 2006 to June 2007 (M = Mean, SD = standard deviation) 
S. No. Species 
Wet weight Total length Carapace length Rostrum length Telson length 













































































































































































Fig. 4 — Cluster analysis (Dendrogram) showing the relationship
between the environmental parameters of temperature, salinity
and pH and the abundance of penaeid shrimps (P. indi = Penaeus 
indicus, P. merg = P. merguiensis, M. affin = Metapenaeus 
affinis, M. brevi = M. brevicornis and M. stebb = M. stebbingi) 





A total of twelve shrimp species were collected 
during the present study from the Sonmiani  
Bay lagoon namely, Penaeus indicus, P. merguiensis, 
P. japonicas, P. monodon, Panulirus penicillatus, 
Metapenaeu saffinis, M. brevicornis, M. stebbingi,  
M. monoceros, Parapenaeopsis stylifera,  
P. accilivirostris and P. hardwickii. P. indicus was 
found to be the most dominant shrimp species of 
Sonmiani Bay lagoon (67.50 %), which indicates that 
its coastal waters provide a suitable environment for 
this species, followed by M. affinis (13.31 %),  
P. merguiensis (12.02 %), M. brevicornis (4.26 %) 
and M. stebbingi (1.60 %). Luchmann et al.23 
observed that two penaeid shrimp species that were 
present throughout the year showed seasonal 
differences, with Farfantepenaeus paulensis being 
more abundant in summer and F. brasiliensis in 
autumn. This suggests that there can be a temporal 
ontogenic partitioning, with different timing of  
off-shore migration of shrimp species and inshore 
recruitment patterns. Seasonal distribution of shrimp 
species indicates a reduction strategy for possible 
interspecific interactions. In the present study, 
seasonal differences were also observed with  
P. indicus being highly abundant during the SW 
monsoon, M. affinis in the SW and post-monsoon,  
P. merguiensis in the SW monsoon, M. brevicornis in 
the pre-monsoon and M. stebbingi in the SW 
monsoon seasons. Seasonal distribution of penaeid 
shrimp species shows that P. inducs are abundantly 
found in the SW monsoon. The seasonal peaks are 
dependent on environmental conditions and suitable 
habitats and have different strengths24. Another reason 
for peaks in penaeid shrimp numbers in the SW 
monsoon is that the period from May to July is a 
closed season for fisheries of Pakistan, and so no 
penaeid shrimps are removed from the lagoon by 
fisherman during this time. Environmental parameters 
such as temperature, salinity, light and pH affects the 
reproduction and abundance of marine penaeid 
shrimps. The present study showed that the 
abundance of penaeid shrimps was associated with 
increasing temperature and decreasing salinity of the 
lagoon. Increasing temperature is one of the factors 
known to influence migration of penaeid shrimps25. 
Indeed, their emigration from the lagoon is known to 
be influenced throughout the year by different 
environmental factors such as lunar phase, salinity 
and temperature26. Many studies have been reported 
on the abundance and distribution of penaeid shrimp 
in estuaries with respect to temperature and salinity 
gradients, substratum, type and the areal extent of 
estuarine vegetation, food resources and interspecific 
interactions8-9,27-34. In P. indicus, emigration has been 
related to decreasing water temperatures35, and the 
current study has found that P. indicus which is the 
most abundant species on the coast of the Sonmiani 
Bay, showed similar results associated with 
decreasing temperatures.  
Zupanovic36 studied the distribution and abundance 
of penaeid shrimps along the coast of Pakistan i.e. 
Balochistan and Sindh coast with Pasni, the Sonmiani 
Bay and the coast of Karachi as the principal areas. 
He found P. merguiensis to be the dominant species 
in the months of January, February and April from 
these areas, while P. penicillatus was found in a high 
concentration near Karachi coast. Gololobov & 
Grobov37 found that the species, P. merguiensis was 
caught from Sonmiani Bay and Karachi in the months 
of July and August, while fewer numbers of  
P. penicillatus were caught towards the southeast of 
Karachi, which is in partial agreement with the 
findings of this study.  
In the present study, females exhibited a greater 
weight than males in two species, P. merguiensis and 
M. stebbingi, whereas males had a greater weight than 
females in P. indicus and M. affinis; in M. brevicornis 
there was no significant difference in weight between 
the two sexes. Differences in body size may be due to 
a greater weight increase per moult cycle, leading to a 
faster growth rate38. Sex-based size dimorphism in 
penaeid shrimps, with larger sizes and faster growth 
rates in females were observed as compared to  
males, in P. aztecus39, P. indicus40, P. longistylus41, 
Litopenaeus vannamei42 and M. endeavouri43. In 
contrast, in the present study the mean sizes of 
different body parts (i.e. carapace length, rostrum 
length and telson length) showed that in most cases 
males were larger in size compared to females. 
No previous work has been done on the seasonal 
abundance, species diversity and growth parameters 
of the two sexes of penaeid shrimps in the Sonmiani 
Bay region. This study therefore adds more 
information on the family Penaeidae to complement 
the existing data available to manage the culturing of 
penaeid shrimps species in the Sonmiani Bay lagoon. 
This information will play a crucial role in origination 
of a sustainable development strategy for the fishing 
industry in this lagoon. 
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